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/l^mm^B mmtiiMtm t^i^laxr ml%mmm mm mim^tmrn 
m^MT m& mil pmxi^mf^K Wmy 
of tim mmXmmtmte^ p&m^ m& 
m tmy em mn rnwmmmMm m& m^n imltmtw* /fUtjr mm9 
i^i^umtesf twmii md i^^ ltiifliaaoep, Omm^ klMwe m^ 
dtt« ax' proteiuasteu® 
^iM m^ %hM mvl&mm&t from 
hmst^^^ Q^i^Btiml^ MMI0 im® ^m md^ Kl^ ia 
m&s^ p^vktmtB OantaJtoing tertiauj ^rt-^ai 
@m aeirmllaliie t&r tim t^crMnatioa 
ai^ a separation of Im ^^l&pix^ &mmtrg 
XiSm thmm Im m immm htm are 
ttljipX© imw^mim m tm 
m m mmm %imt km m^jl^M^ m^i^t 0$ 
tm ^ mrnpmmm^ 
flMWo£oxf«t m hm ^m mtm to mtw^  mml%x^» 
mA mrnm fmta^imm tm %m 4»%»miAmtim, md 
••faimtl&ii id th^m pm^^meMft fiirtt md 
INI mwa^rnm mA mUirlt^ iili^ h^lp •Uipi^  
mmAg^Uti^ prnmmmt 
t«*li««3r oitxio mIA t i x t w pm^w la 
tlM pwiWHW tttotlA aaii^^d^ htm hem I«M4 tlM» mm&smt* 
iiltsUi Skald pap i^? (1*5 m umi i>XskO<ra at l^ ottcHft of a 
to wSL a&d m ttvi ^Imk at ^ ^ ^ 
to «liiBlaat« alX tli® A tirop 
of %mt eolution was apraie^ vith the tmXp &£ a 
at the Q^iib^ iM paper drieu to tlie ml'^mt 
jyoetio aiaiiyd^M© <iroi»e) van a^pil©^ m ti;e 
&put aad fijaaiitf It far tiJo aiaute® Purple 
or viwXet ooitmr develop td. piem&^nte vac i^pXiou 
vith ps!|>er® teprof^ntfiKi with •auploiis oarfeoxi^lio aol^e a»€i i t 
wae oboerved tiiat o i t r lc p&p&m ijaw th® sesxiit®. 
fh© test hao enootasfuii^ implied in aeleaiCp 
hmlQ m^ water®* la oMer to vmtiS^ the st^oog ui,£ivk» 
mo^ of mi&nB m& Oatioas m the aataal oolour 
idth fact tlmt mckM m m oarboa '^X ooa|>ouad8 
also acaour^ aoXT^at extraotloa ^Xth ^htm^mHwrntm 
coca^ f mok^^ to nadiitt^ m» ahxaz^fant 
0mm tlH» sttwixt* thSiB a a^atn^txe mXLatUm {WH wX} ift 
aai41o« satitraX ax itaSJUaa nat^v was jpXaeiid i a a 
fiMa«X» tve Al u^mm lit nmu moA y ni ^iblm^mm 
to it* tiiai«ii#ajr MHaiOai^t tte yoUntftftt mm M««t« 
•d la tba atOasof^m lif tlia adoptad ^saa^daxr** 
flM aae of flXt«» a» »«dltiii la iwXX 
In tha «pia t*at anaJMriA* i t eaiii«» tlM 
3 
9M well m %tm ••i^ etivUjr mA psvfvx^mm 
« m&M m€Xm t m e iat^saotioiie «3Cl»tiag in Xiqtttldi nudittn* 
If or til® XiMkt 01' l&mtixiQntXmk tor pyeXAim mA 
in otfii« i e 2 4 /Big uliiXa m ie^reisnatea i t 
1« 0*2 and 0*04 ^ Hm 9t p a ^ r oalc^e tiMS eva^o^ 
vet ion of mXatum mmm^ i t It&oasaoe vavinable £o« 
detectiaa of watw |>oiiataot6» the o* the reaction 
ia^gtivea ie nat tvUly «iitEl>xieh4»d md la I t ie 
report^tt ikOtti® anU r^dri^ ® vith lii rtor oarbuxylie 
aoid® riiv© tiK'ir I t i® tfeat M^jaer 
aeici a© niatstQ mitiix^  with, ^ii^uria® in 
26 
prosB-nae ©If ttii?tiax*y "Asaitit %q fjivo n© ItetcHxoiiiiO'riria© » 
the iatlior alottt^ vitb afiiiGO i© the ooiwurea saat«jri!si.# 
cxfteroi aetftoci© i w e btiea dev^lapea io r th® 
«i<»t®ri4ijaati0n oi tliiu CIomb af poilutanie^^* ia m 
eift^er tiue 4 sMitiuu,d lias 
XopoS Aei^  p&mlt the epaeiXk^ a i iaraoter ieat ion of 2,6^ 
in mt^x Xn tta« awtiioii n mMmm 100* 
fOOO (tf t l a «n« 1 Itii Oi: ai nax wese 
nXXo««4 to ntiiftA fojr 90 «liiit««« ftXuiiA to to tfL 
vitl i tmah ttlawnaX nad tliift •ll»n»xi»flino« th* xwwatln^ 
•oXtttlon mn mmmm& nt ro&a t«i!ip«rattii!» nl nn* ngnindt n 
bXanli pmpmrnA KKintionXiy nith ttM beXp of %«lc&X* aeaoroxnoX 
ana 4«rivati¥«e m^ms tin* sonotlon conditions* ainco 
tii«r fiVM not nocttaXXy pm&mt an poXXutante^ tta0 nan M 
tt8«a foe tli« niponiirin Moot ioa and ^tomtoestlon of 2t6<<*tttl4ine 
4 
ill f luid Mui^ i^ A Of ond fi9ll« f h m ^ «lt« soaotioft 
iMiSJiiiia I s Xa^eiilsr la ttii« fiuml^ »o« pom 
m tfJUTfieultjr^ as m mm t kO. of aioid 
mA %li» pxopoood B»amt iillX Smmd 
in mSjiimm oS: gdacs, tie add « aoid^ the 
pi^rliaps om b© used it or tli« anal. &X la 
toftslo^ mutikxQ wd OBXtm thn KIXI 
an^ Imae paseseat aad imrgsmio aaXto hme no ^tmt m the 
intensity of the e^ X^our proaaa««i» fhe aethad 9m aiso ©ttoi»0««3-
I'uli^ uiutir^^isb froa priaar^' aead n^Oyadary 
aromtlo a£!iJuas»@ md iadulm m th&y d^ mt imm 
BJb&uzytiouB at tL-£xr tiSj&m tti^ G^nte^ in q^uotlijn xl a 
OOII^  iCX ijOS tj a poetuX&tea mchmliiia l»€e«>zi 
ior thii o^ them poXXuflo&tSy oluTomt^gra* 
«ae dm to i t a aiagpOioit^ esskA 
ra»5ii»tio» titan tiolmm A faxtlMir 
ataoa from ttia fftot tliat pa^w 9m ^ t a a 
aapaviefta •mptm^m wk%h idaatioai. m £a 
tteaa atadia* aaawidlatg naa Vadaiio tjrp^a 
of and aiCiEaaitt mlmu%» nasa iiaad aa 4«fa3Lopa»a« 
mXutim of 9lM»apiiaaioajrMla aoid aad aatiiieiit^di 
•02.11% of ooi^ ^ov lodMa trntmltieiXv^ oodlna earlKitt** 
ala iioltttloa foUonod H^  ut sadiatJUja «a»a iiaad am dolaotora* 
fiia pollataato «•»• dataoled ao arolXon i ^ i or fXiii»«aeoeaoa« 
t^Mk oliiEuiiatoijnai^o iKibaEviour of po3Jiitaata vas attuiliid t^ 
5 
Mg »>l.v«ii«8 vtm^ (f l^^f)* Oft iNunis 
of ^ mpmsnLti/mB htm o ^ t f t e d (fiaa* 9)* 
Sk9 X&st aest iMportaat pex% o£ loi^ 
to tbe foot tliut pyridine fluMi i t s d^riimtiirosi 
alaii^ &t laentioaii b«ii3airiour ana tliia 
as to suapcot tlkat l>#lmirlDti£ of theme 
oosi|»oiiad8 i s jya m»m Xooaiid^a m 'tlit loaa-^air of ttie 
atoia for oXoss oi QQm^omd&m ^ hst^vo^m 
bonilliv: to b® quite orucial ia the eIi»oaiatoii3!r®i>liic 
Ijehtivioux' oi thie oJLa©©^ /^ if^ or oxaiPijlc ^  the mbiXlt'^ of aaitroX© 
ia eeeentiaiXy kisj^ o boiiil mlw<intG QHm g^ 
liisil® i t l i ^ intfimtdiate for C^i^)^ 
O^ Oii m^ m m ^itpti for aftoip «liioii timm wm 
ntioh XeoB stoop xtm and letoii ing ^ f m& tho of tho nodia io 
doosoftted* flii> MRiXt* mm in agi^ ooiaeat «itli tJstt lyrdzo^sn ^ond 
#ootopt« £t « i l l iMoitPthftt Hondi&g pXajTS a ocueioX 
in hiaMtm ^ to aoid a n a l o g of 
pmrnm mm tftftMkod ift tvo nxi^^xt of 
aitvo#m fttoM p9m of tiM pallttiiiit imui tal^on »« a loii^ti 
a t m t i w a i mnrnm «ad mm doaotod hf a« t ivc l a 
m mm dowitsttoiod and a aoav Uftoav oomXatioA m 
«litaiii»d« iloxt a yXot «f v/g^ ini* ii mui oeiialxtt«lod aftd a 
food pasalidXio soXatioa aaaXogoiia to foa.loiil»g a c t i o n 
WMI 
• • • et • r r s ^ 
It «tto t&ma tkat tt JUi mlMM to voXnee bjr a Unoiup 
relatlona^lp olid to ^ q m pax^&XKi 
6 
i»«l'iti«mefcti|» for a «> t tiM q Yaitten eft^otlvely 
oo&erlazit* i t mm» a of ii0diMttijy» i« 
se^QiuilbX® toir as veil toscio bi^-viotir 
of tbeoo eo^^ounis cm^ thia no^^ «#«iati to He tb» 
t^drng/str, hetmm nitrogen amS m protcci of 
Eueiei® aoid I^^C^qvl® Gi tMh» 
7 
f« mmwtxm^ misMtw ^ m^MLSjm m Xaiuitirifta. 
mmfwim^ Sf»» 
i t s i^ isxtMg tnt^molmmp Mt^  
4 . BtHPOtsa^  iiatte •^ lO/ t i^ i I 
aef©i?«ao« .j^ foiifiTd® s^ cl foJP 
oaaa othw uremic Mt, 
mt^mm^ IfTI* 
m m ^ m e ^ I f f t * 
B* ntlMlAt t f t 1901 • 
M t aaMl AtiMnTf i* 
8 
^mmMm MmmmtXa mwBmmlM^ 
mtt 
12* rn^^WLm* lu mi^* w (^)f f ^ t 
15* aadiMi, Beaio isstci* ^haxm* 
U* aaga1»» MaU^Ut 3(7)» 479» • 
mt» 
Itoi^Op w'acoh. f95t W p 
uwt m^ tmz^ 
^iiiaiat (47), 2II» I9©t* 
X^iilfttVflk&i^ V«II»| (^feeyti^ft Z«o^x<ett 
OtasasttTt f ^ t 
Bttteftt imArn tex^fMO., 
mu 
21* M a l t 04ftt BaX&tSi^Vk leoiox^tt MjOft 19(4), 
mu 
i t * M i ^ * dtnr* mp^ Mmmmgm* £xMt*x(y«8«}t 
iaoit«, mu 
9 
rnpmai m& jmMl^ M M r t i M CSiMita^ 
MiMwmm M l*iart« t * 9«if3Nll9 
md 9f ^iMsHS^'emyium^ Bf» m t * 
ai* I'tt In c^ i^ pnEOtt Ttii 
Arni^m^ A'alfmta, Sif t 
tm* 
f f« rnksiBf Qmrnm^^  4* m^ mMmrn,^  I k I * Mir 
i t * t«A* MMit^ l t I»»i4ii#f> f t 
tm* 
• iesHmaff IMI* onA i»»f 
liTIt ft* 
It 4 nmi 99mktim mad mim^ s^s^ tost for 
AttMtim of aalae i^Uuteo&ts in imtttir* 
2» A nmm for th^ •eleotiir« g|)ao1irophotome«ri0 
ufl® tmi tli« iq^oifio ii:iiiXjr8l» of a la^jreloXogleoXljr 
ixBp&tfltmt ps^xktmtrn 
faXai&ta (Oommio&ted) • 
3* jpQpfer olufoi!iatog»a|)hio ^'havtimr of 0O£» ter t iary 
mim folXtttttiite md m at stjmotore^ 
Sia<»ita (ao«aaiil«ated) • 
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mimm I ff>iituJLat«a MiatttiORi wtsteitsa cd 
mid SM anhydxlde 
im pmmmm« of p^irldine 
wltli p^ BJiO la ft0l440 
mrnm (ma) 
(na 
SB? HI fumn 
mm mi lam w m 
mm A mm^ m^m 
m mm^ mmmiM^ 
m w TO JBHMi i m i 
m WTjlftlfc iTORSIflil 
iU) 
Ml m^mm mpmmmB lii« to pnif««»o!r 
Holhiiii Qmil i l t OiNilisMfif iSliAiiiatsar m^itim^ Ztidx WmmM 
tmA AXXgrnsh mtHiM 
m^mlt^f aXi^ Bksti lilfi m& ^idaaoe* Eo 
thanOiM mm E»i» Qhmdititt^ m9%im mA 
m* qtumeiil, BvposetmmA ixS Obmakmts^ 
tor tli«li? oiaoere Be ie |pr&1(#fiiX to h is 
ooHlM&^m for tSidir oooptiratJloa and to the jpepartxao&t of 
miefljeomamt^  mow i^h i . for fiaaiiGlia. aaalct^cc^ wicior 
BEQ i^ro^eote* 
In th» m& -^oliett to aote^^vied^ tha elzi^ero 
dwotioa^ prntUmm aa^ aewlooii of Ma wife mm&mk* vltti* 
outs v&xiJdh tu& met wmiii4 n&$ bmf h0m ootapXetoA* 
/^ar Klohcarr^y^ed -BU lairryan. 
( t u ) 
C H A P T E R - I 
INTRODUCTION 
MnmmmmMw^ yoUut&m htm h^m Mim^ m tiMi 
imitefmBw»^ «f mas maxmmOM^ If 
m o^ter hmm A tw^stanoe 
i s OAlXvd * poUatont pro^iidcdi i t lafei!fe»e« 
wiMh hitnXth^ mmSwBt^ ttnaiiitiea or pvopi^rtr TaXune of 
p^oplo* Omer^l^ a poUUitant ie introtiuoM into 
mseriMmamt tua mmst^i^ matn^p aoold&ntaX or 
90 m ^ ^ m m a t of mmmX&«%mim picosmmm* Xt also 
Into tiM oaviroiuaeiit as ooa^tmds to 
psot^ot plants and aniaaXo* i% aosrprieifi^ tiiat tho 
II0OA to purifjr adr ai^ a m&ter suooo©^ tml^ in 
poixutlii^ i t* toXIutioxi i® tilo result of ttm aotion or 
preoe&oe of a poXxutant in tli» parte o£ an e&vir^msiaiit 
wiiere It o^usoe 4«lot«rioue e£foot« fhoro ie wioh nis* 
doa in tho statesMat liar iJaxlliifi (1970)^ ooaiGa 
fxoa f i t t i n g r i4 of meteo at tlio poaaibXo ooei** 
tlia aofal OMU^eim of mummtmtsik Foilution aaira In 
i t a f Aftb «oport t ^ t pol l tHi^ o«oiir« vbmi m & reaait 
i f mm* 9 aotiiritiea, mmii^ of a 8«iietfffie« ia proa«et la 
tlMi mfimmmmt to immatna affoota* vimsf musm^mmett 
«liidli mm hrnmm y«&itxl«nta im pxammt la tba 
mmiamummt la laaaar aaooata imd tmy baaofioiai or 
•flpaa •waSSal. to i t» Boidatiflii iao^udaa tlio mXmm lata 
tHi attviroiuMat af aaiHitaa««a iddoli kara tlia q^uOity of 
a i s , «at«ir ftir aoiXf Mdiataaaaa vbioh apaat tika HioXogioal 
2 
Itnkiwt aiii «ai«flX«t Wotesla m^ plmtn^ »iib««» 
«liMi 4amm tlM rmOLth mm^ mim^M plmf* 
^uSSOMmMtt mmh m m»im mA mj^mamt 94mm wliioli oftmi 
iiprltftt* mm tikm wm /^^ smm Iw » to 
SiM oMf^jpt of ««nri3i?Qii»»atoX poUatioe hovefre^i 
not BVWft In tlM miirtiefl fU>li«vt tcoeft deeevilied 
in pom B w ^ i i ^ * tlie ooiitteim o£ th0 <*eis!(ri3rm« 
md B&miktA m oat wmiiig liiioli ^uito 
to4@jt» augr I t iiofoso 
fi^iaklljei took ttm liiiit t Bov aaii^ f«2JL on llovloa*s 
bead bo took tlie l ^ t t Mtktwee i» gXm^m hint lag at 
us* I t hiate orer aad ovoie agoia* iU&S ouidKlosair m tako 
the liiat"* l&doed* «e iiasvo otiprted to look at tb» pvoblea 
Mieim^ ml^ eXtmt t ^ poULutaato mA polsom our filv» 
•afftii &M Hfttov % to tbo polAt wlWTe tla^jr pooed a 
•oiNywas tliaeoii to ^mm wo mw mmm that I t Is 
a g i l ^ t l o tttik to iwilfo «ltMQ a yoaifs for Sooa4ee 
«f«|]w» M t t o f f i o a of «irirceyaeatfl3. Aaaai^ m^ ^^enAoMlm* 
mmimmmmlkA, y o U n t t e aot obO/ ateottiaied idtli ladtts^ 
t i ^ ipNWilti M aauo witli t t e i^ofteOatlon m 
mmm aatttMl. mmmmmH (ix^aniaatioa «itlio<it t&mpXms&im 
U m mmm of Um pmmtmu Mk of ^ a l o oiirio aiaoaitioo 
ottoii m wt^m myiia^* Hottfiin^ la oosiiiXfts 
t o tlM» pcotaoa of M i o flMi ooatlimoiio 
lafX«x of popixlotiOA fxoii meal, aseoo to oa^aa avoao Hao 
to ps^lMi* StfTHMI tn* «» 
to ti«i «1#MB pJUMM 
tlM mmtt mA m smmmptim 
%km% til* mU oiMiisiiig ^ mtM mA ooeanii 
v(»tiXd mmhi&v aoXwe t ^ ommogmis^imr 
imtgamm aoastean miuBa» lui tlunt ttm floor ^ tiio Medites^* 
i« UttexeS with tlift iikk^  m&lt^  o£ mMmm 
tttolmfaoiar* l4iolo^s1»» mm9V% that I t 1» a ^kag mu* 
fhm «iiirlroBMii«&tQ2. poXX«itl<m ie hkgh seXatlY® to 
8oelo«eooiiojaio advioitagfte iB^strialidation* 
fimmtomf i t i» mm thm t l so tliat m hm® to 
taolil.@ tlMi problem of @nirlromk«ataI pollution coi m oiaor* 
geaoy bailie* 
FOXluitioii qM polltttmate 9 m ho e l a e a i f i o d i a -vaxrioua 
va r^s* 0000 of tho ^pproaohiee aaeo saimarie^a lieXaiit 
X* A miitttUBt llBifl matftlfHiilUmti JK^ovdiag to th i s 
poJUtatante aagr ho intoi 
( I ) Miittov ( t ) 
ilgttos 9ftUiii«iiii» meijr ho l i^uia otr 
tmy i m e ^ w ho hi»ftA3ljr tm 
(h) p^iMmMm^ 
4 
yo&XtttantJt mesf In 
tbft ooolSxMs fa^oii ft SWIMS stfttAoftt mmA 
iiol8« and SQdift%loB gawBta £mm » 
A liifll>m Jiitt^ .ffliftggtf i M l l ^ mmv&isiB to tUla 
a^proaoh^ poaiutl^ le eategorisca to tlie 
mMxm of dli^ naetnO. m& me^  l»et 
(a) Prii^iitiq^^t^i hesrio poUuti^m io 
due to t^ pmmmm of petrtlml&te poXlttta^tii 
eoiid portiolae or XlQiiid mBpvmXed ia ti»0 ixir oaae^ 
jyei^  omsdsiep m3M& «ta*) md dtto to gafi&oue poXiutaxite 
ttonoxi&ti^ oxidiifi of 
eto*)* tl)^ alx poliutioo. 
or ig^at^e firom eaoli as fffaporatioa, 
oc^ itad aoolAaK me^imB^ ^ oonAonW 
mtim® of tfao oositaaiAdftto Ift aiir* $iio ganeoiui 
iRistoo fxroa aiatonoliiXo exliaiiuito flftA fftOtoiKLoft ohimios 
tm mix 9M psimktim tmm of Itontiae taa&las 
9ma,mk$ Mm tlio tta|o« (loasttos of ftiir 
p«aj.«tio» Ja oitioo* 
^^ ^ jroil3L«ti«ii I^ttir <MgioiA«iO« to too 
yoaUi^A vhoii i t s QUsaity do«»ttO»atoo dm to oovopiy 
Aioolko«ito» dogsaAot&tti of protosneBoouo 
mloxifllo and ottsfoioo ma off vkIoi? fvo« loaAo taNMitod 
^tk IOMMIMS vum tft 2m 
WBflraiwHtt tm rnm^ Xlf« wsA • •d l i t t ios 
im *«wised l^ona t^guMmi^ Xtt Mnit tlie 
M mi r t t twiim* ^^^ ^ ^ gmui^e^ 
idMNA tiMi faa l l l^ «olX de^eaesates due to ^mmmw 
laaterials mA ^mOrnsX^ wmA in 0we agximturaJL 
UZb iJtt smoxt^ing to t ine ^proaoh 
9m Into two sia^ov olaaa^m 
(«) flmm l i i i ^ mmt©Tp&s%m in Hbatiam 
dioidUo and tli« organJld oac^^siiaat of 
flKMit liiioli iUKfo no suets In 
fiift pXftHtldfl^ f»»«iis 
If* HWftltlilirti fflUlMir fimm am £m 
tiMI MKiSf M a til* ImmSjT* 9«IXlXlMHit« 
itblAii laMi laciirtwAy m liyuOffd asid 
6 
l^oiMi viyyolk tmmvm tiM tikia* 
ifti fnmatilr* ftisr urot^n vas 
psopeeM Igr Sdilii^t^t « of axassi^ 
to tlieSs lutrineio pmp^lm* 
(a) Soxioi'tuTt i^) («) lfol»ili.tjr« 
(a) M^iXiA^ to I& JUarine m^ 
(0) Ckmt3?oIlamitf» 
A0 mn%%iBm& sMm* me^rUtX pQXM%m% 
aajr an ojri^ KiiA or an laoaffgfk&ie Xt me^  be 
ia a ©oXld^  liquid or gaaeotus state« I t aar Oai;^ cilx, 
«at«r or eoiJL p^Hutixm* I t s oouroo siei^  maates^ 
aooliont^ (SiJioiiairiso^ or ma^ mmAm in 
prot®otim* Oomo of tiio Jnos^cwkio nn^ ox'^wio pollu* 
touts t m mmmxiiMm Sm taistiioo I mA 2* 
flio oidiiit ooirioaoiMios of ikm foto»tioi tammM 
4MijO to tilt •twsMlo Ift % St mui mam$M. 
to W fi&l|r flM» itlos»tii]»o tii«t « 
i M iC M * i ^ i ^ i f t t lAi^ooo mm Um xo^ostoa 
fuMi a i ^ k mmf^m i i i i i^ no wmrn oHoiit tiio 
^leloflt f4Mili«l4o p m r n m Hm Imma ^ t ^ i ^ In Mt^m^ 
m v ^ mmiSA em mask of mim oltlioii^ Xwm tmmim of 
os«M«l&o»iaio iMKOt&oMoo m la In tiiooo okom for 
7 
%lm XmBi% tm Madeti* Bon^Vg tm^ ommMme mm ikon 
mfpaium^ wmiJmm ^ p^iilifite« l& soii^ 
m^Vt air txem ma tom&m smixooMmtsO. pcOiaiUoi 
im gmmr&l mtoar i^fliUiitte la pttrtiooaiur %» 
toftlne p:eot»Xe£i of m ^ m l i fe* nmmiomp m i iatd^r of 
iKKJlit'^' hem wemrn m& lnte3»atioaal 
hem ori^ioed m cnib^^ot* l&ximm 
m^ mar^xwi^msmt^ mthodz tmo for tlM^  
t W ^ ^ , deterainattaa^*®^^ m^axmtlwP^ aod degra-
dation'^*^ of ws^ev poajLvd^oftto* ttm iDMmmsLt&l. 
Gio^ hodo em oa&eltiTo impid In 
proo©d«r©e tli© l l a i t of deteotslon/identlfioatism loT^^g. 
fhoir ma versatility ham i t pofimJM,® 
to ooive ooG^ox psolii@a» liiioh nero aif:i.ioalt to oolvo 
mXy a fow jreaase ^ mtbo^ em oosti2r» oop«* 
lUUertioated m^ m akciii&d opouKtoe io sefuis^d to vm tiiam* 
Ott ottMe tody tHo 8i»&8iti9itjr of lum^^^otzKizmtai 
m/tmnoArn m low m ^ Xiaiit of iMnHUlmttm IcT^g* 
mmrn aotlMMit mm ftm ^m iko tiM 
muP^uim m ytf&IMttiAt i t s ootaal si te* 
tlii»« Iji « i m m i fov tb t devoiopMat of mm* 
aotbodo poUut^ t fH* iiumi of 
««3«iin; flMkM i t p^rnom.^ to iioxIcoikI swuMisotto 
••ii»it«r« iMd Moollaro of doteotiim and d o t o s n j ^ 
iMed Oft OOIMT 9m OKtieoeXar 
8 
tm^ IIM4 fm tiM «f KIm 
%iiaii«iliillT« MMOjrsiaif lONioxptiflB apodtiroedQs^ in 
vXaM* pmimma Uvtmm of XtB Bixai^M^* xt 
tlui t««l m i m M 40M not di>sosli la tbo v i a m * m^m^ 
i t to a ooXouxed oo^imd wtOoh pooeeoo 
olKsoiioplbovlA gBOfi^  0)? iathott^ setlioao m 
oolotfjyBotsjr aMng tlio osaeilettt l&etxniaw^tal toohnJ^ iaee 
jr^t ovw toAi^ tiMoe itiBO vigour aset oving to tholr crv^ stkUL 
ollXitjr* iM m&m of mpismMimf olxraa&togirfiplgr 
i£i thd mmmml^ «Ui«d Xt oan bo poisfoxsa^ d at 
tine ii|»ot iritti minimm ai^ parstuA md mm^tm* 
falalo 2 obowi tliat iravlUyiui oxsmlo ooi^imde ocmtiOa* 
lag tes t toir ^Itxrogem em poO-iitim* ftii^ mn th» 
mm% to ex»riTOiyaeiit«l poooo ooologH^ 
hAm^e «s tlkiisr ase «6&tvaX mm^m ojretett COiSi) 
aklA teitanto* t i i ^ oouoo »«»p4rsito]!!|r t»Mt mA gaotapo* 
mtootiAni. dlvtiu^Mnootft AooaiEo i c i t e ^ m4 
tm otu^ootod oa»ol3io«Biui« oontAlai^ » toetiai^ 
aiiliio aifti to tbo mfifi^ xmamiM tm m seonit of 
Afttioii of pBotolMMoao lnAuatsial WMBIOO «n4 
olioi^taift mm^ Itt tlio ogriottltiteoi psnotl^oo led «»o 
iHfS 
•ftiittiafi imsAf wtimw •ix »«Utttlioii« A wsxmm rntmou 
M o looA MvXof oA tiM «oio«ttat mA 
m^fem%$m of tl»oo po3a«ttaiit«» ift^liodo w m m ^ 
9 
t m im %mm Sa mtvUopsm taiaitiifitt Xik* 
imASMt %bmm ift in iMmmm «f a l y i ^ and 
i&jc $#a i« t t a iflOMai #<xat»«a« 
Ml aiit«ap« luM tMin to mnitiMlm 
t M l m i f m fev tlw detftOtian* dffttsalaaldm and 8&p«k]!ati<» 
osganle ooataixUne ^tie tes^iasar sULtxogan or 
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C H A P T E R - I I 
A NEW SENSITIVE AND SIMPLE SPO 
FOR THE DETECTION OF TERTIARY AMINE 
POLLUTANTS IN WATER 
t O i 
Xa CHui^tir X tlw of tAma^  of fi»2a.«tiaAti« 
mmt^im m textiaxy aitsogm ^ n luivo outxisad* 4 
•mettjr tlio xitMNitttro gUm la tM.9 9 sliowi 
axe tttettt fo r ^ •peotvoi^tonotjrio dot«ssiia«tiim of m 
toxtiaaqr uXtito^ gim k fiin^o ostliad pvopooed Igr 
OHinaM l» 1995* Bts^uli md j^nmH tnio ae^hod 
hss »ot liom etodldd ia any dotall , «?«» tbough I t a^ p^&ore 
to 1>« a|i€oifio fo r tmstiaiQr aalaos* a i j ^ de feo t t e of 
texrtlasqr maAm pM^a^kmtm M doaljiedy It lo aeooeeojey 
tliat a laodifloatioa of above pxrooodur^ bo derroXoiHia la 
niiloli water dooe aot iatoasCere* l a tine origiaaX aetliod 
by uhktiiaa tmtor b^l j r i t oina 
aot bo vtm^ laa of mter* 
A* ao ojTslimatio otudy oa tbo atilc»aa toot ma t^ailablo 
thimoforo i t mo dooidod to toot tiio latoasforonooa la tlio 
dotootloa of tlio tortiaxy aalao upron^  mA to AifoXo^ aotbodo 
to aoaofo aoot of tlwoo iatoxtoswikooo* Jlr j fmmim ^ latose* 
f«BOB«o «f a Xai^ aott of ooiiAMUi aai aaiimi aad ^ aodifjrlac 
tiMi so tlMil tbo oaltto yollaiiiito la naior 
am i a Motttoi* mo aotnoi Immi %o«oao tviqr ira3i»iAa.o aad 
oaXootiYO ^ AotootJUii t f tlui j^AXai^ata* tiMi aoliu»do 




^mmm m •tiia&^llo eolttticms of ttm t^st m^K^mtmrn 
mm pmptm^* i t not poeeiiaa to ps«par« 
soXtttlo&f a catuvatsd was pi^pas^d* 
Oitido a^lA ii€»IiitJLoa la m&i^&xl^^ 
aXk ^ikm^siXe mvii of anaXjftioaX vm^n t 
exo«pt t ^ i s t l a b^sSaidtMBOle 
v/vf aM 1000 V v ^ l flBAA 
aiaet^X «/v| adjimiits tO^ n/v) • B^af« 
Oeraaiigr* Vit&tmm Mo.1 fixtei? papers* 
ABtftSaHii 
4X1 aXnadJOLltia tO-ook aatotaiaad at f ^Q* 
XMHiSIMMM, 
f t m w «itli «iiitoii« ma* 
ttiiott m»lA mw dasttA at mm tm^mBAtmm 
( H ^ K UtiiUatlyt fi»«]B« iS^ ao is^sapiataA vltli 
• t u t s wlii^tt 
23 
uMiiim m n ti^tgan mM 
l « f t i i « i i t i f i i ; a i i i umm 
papes Ct«S m mm 
plemA tM ^«rltoa of « tn ift htdtm md M 
%h» iMaiiik^ blook at ^ i f 0 lMiai»«]ra.««iNi In os^es to 
m$3Bi&%9 a l l aoietuca* A Ssop of tho teet solution mm applied 
i^th tho help of ft aioifopipotto at tha o^atxra of tho f i l ta i r 
p ^ r mid <lrie4 to mmve flm aoHront ooi!i|>lot#l^» 
aiO^Sirid;® ( M As0p6) vm i^pliod on ttio spot of tiio toot 
aoMtiau am XimlXy i t mm hmte4 agaM fov 2 iiin* ieiio 
o^oor dovexopod «a» ooM^oootly Aotod* fho meffaHtm o^talaod 
aso given ia fable 4« 
lliMilitott J^lltftgnimflg 
Slio oamo prooodur® mm i^plioa niMh tho f i l t«« papora 
ifl^ifogoatoa nitii Taxrioiio oax^oa^Xio Aoi4o foir tostiasar 
t m m poUittaiita* flio soaolta olitaiiied am eiwm m faiao 
OilMila la wglii » fl>|gli litfl 
iHi. 
Xft to to«l j emMl^U la 41tfo»o&t wKloiWt ^ ^ 
Mimiott ««ft fitpa»04 la a(tidi«« liaaio MUso iiateim« 
24 
m^ tiMi iflMnr* 9ioi««ar* mm ttm mmoitu 
gUfm im tm.* 
BKliftiitlfift fg waiAttliMii la mtawforo 
A lymtlitftio (20 in aaldla^ central or 
oaXliie vateir w&» in a fmina* Swo nO. 
IM HaQH and 5 lal. of eiaorotoam imr« addiftd to 
iyrtos tliorottgiO^ pQHatimt in 
Aisiftife MB Ammai 
maxf asMttiaift aaitst of laOJcall AOtias aJLkaJiifio* 
•mtli iMittti« w wata ef aUcnai anA gia,1cttli»«*#ttiffclt aetal* 
mtH WBsmiM mXAm «m iiamtea vkth a soXutiMi of 
mAA im t i o t i t gayg r^dsiao^ • os? irioa*t ood^ omr 
ata* ««ft»:r • tMs ifson an oaloaio lusonltltt Miar 
^ )!••« Itt ham h9m Qiaiwa tlMit 
t««i i i m m mim^im t m «iMHiiiii«r a m b to ii* oo^paii^ 
mmmm^ %m f t u i immi imoa ivpUm tm tiM M u t t t e 
mo . M*s«liuiil«i» «r vfsidlfto 9mA ittt anA 
m ^ I j i l o i f 4 a t ioa t « i i • • 
25 
mv^iM mSM^ murn^ Wim t<Mrt ommot wmd tm 
wimmm •oXnticiui* Oita^io aaid s^ma a 
doJUmae isitii nfinm. Mwi^M in m 
oMMxaqf gkom X% meif ^ %o tb» flfroHaliiliV 
of a mrn^ vm aalt fsaa ^aas* Qltvio aeia also <l«nrfa< 0^ 
a if«4 ooX<»mr Mth a^t^ti^ axih^&eide mrm l a f t s^m^ism 
ia a i^ Q h^^ timm tui@ of f i l t e r pei^m m 
f^teotixm Jae i^am %m noil ia mm meek a 
Bp&n taat aaaaX^eia iKsOaisae %% rali^e seaaltlTlty m mil 
m of teet provides a taa&to 
txm tmm iateraoliiais iai l iqaid m&Mn^ 
In the t^at tiador oi t r le *aold papor hm 
bean u@ad« llae of paper zaakaa of moxotur-a 
i t nozlcaliXe for tlia doteotJKm of 
vater @oaa oC iAorgaaio aalta euoli aa i i i t r i t^e 
ana aitirataa tliat are fomadi tmm. of or^stiio 
Ao not gifa tmjr ooi^ oor m papar t l i^u^ tistay glTo 
^rom otflyaur m iataatioa* I t au^ 4iie to tha 
^ l ^ m f m i tHi im^ imm i^m atu^fa^a of tlia 
f i l t a v 9a9i» lifiMAi i« «ot (w li^iUda (Saiao 9)» 
XMwa^ staavAaA f t f i ^ 9 tlMif t M Maotioft «i 
pe^m ia aora gaaaitlTO t t a tlMii 
tlwi XH^^ fos «iMi9a«» ^ xmM af 
f tta^ If »i4i«a and pmAim^iiijyxmSm^mmAMt^fim im xiquliL alata 
ia t aiiA 4 ^ muXa oft iJiii^tapMlad yapatf i t io^ (l»t aiUl 
26 
pm 
SlM ^Mrt $M f M S wrthi* 
mill ^g^mmlst mmimX^ 
mmmiM^p and sneaaeMi lAietomit fbrnt* 
fee* i t JHiar iXco 1>« foir tliAir S0i4 <liit<»ml&»» 
$eiia« ^ i t ie ^k^&s t ^ t i^e^ss ii^^jie^ated «ith 
a«id, tftftKnie »ii4 and tftzHasio giirt t ^ po«itiT« 
mepmm f m t h t tent* jmrn^f^ f t anidtt tvitdf «itsi« 
i t hcus l>«iii need foxr the d«t0@tioii of mtiA 
pcOautmte* 
faliXe 7(ft) lAd (li) i ^ v tliat tlw ^ o t tes t em li« ua«d 
«titt«0«efiiU|r ims the t^xittmi^ mim jp^otentfl la ftoidio^ 
aM i^aft llitifitsft iK&d a i t sa t t* tldali 
la 9(iia.)ii«d mtovt ^ Ist«x9f«i# in tu t t«fli* 
ii»iMi ittMt mtm^im mw tm mMmHf^ 
tuiAt /S^yiftdiiite ft* i^im ^ M 
liw DMKii Hf l!*^* » w m » tk t i» im* 
••lACitiiiNi $m *iM*«Bes«», 1NiViiilia» «iili«iat 
Ml tbfliv i i « i t » <ic i» 
tlM i t ia »)rriaiM tlM 
se«»tiMi IMM adtfiittl* Atiuiiitivitr im mmm mim^^ wtmmm^ 
tm 9«liiiti«a pmp^mm* 
27 
mrnmm^ tim mmmg ixHtmom <Kf mdmm tM m^imm 
m HM AAimai mimof pmimnA oflfa^ aLeA nitlt ^ fiM>l idwi 
fiMnola tmA mim m^a^im^X ^trnf^mfOn tUm pm4xm •elomr la 
tlMi iiBidQt^ tftAljr Ut t i t t l t« nm^ tvOmBWi Sa wa lea t ioB 
of vi^vs* Xa ecd«K to tlil« zvaolim a» a 
foapSp elsl#»<3lM»at!i«) l a toaaid mtftai '^ aaa Oaorofosra 
Kflcre tlM l>a8t «ta»xta# aasfci m hm^ 
phthOJiM msi^ixiM em laexganloe suali tm 
aeidy msa^slma oliXori^, ecH^m chloride ^  
amH t^iastOf sosiaa l^dv^HdOf aMiiaa altirat«« eodiaa 
stiiLpliaiaiii ml&p maphmlQ- aald <So aot ^sw lato 
Mmeoi^m Is^mf uliila tmsi^ mmmef 
a^^wlutidiae, tulaoUUg®, 
ta l tUii i m la alAoxof oisa Im^v leaA tlnftir aia&ta 
Of amt 4«f» 0«4f» 4.9 a tO*, 4«$ a 4«f « I t ' t 
4»l m f ^ t 4#i « Ifl^t 4#l « l ^ t 4tS « 4 .1 u t ^ m A 
Wmm mmmm ilbov mm m^t toad iwiaof t^ mt^x^a 
Wim •mm mmmrnm mm ttoo« ao a aoUiM^o mm&Mm 
0t ytotuwo of mm% ao MlXmSm^ oMwaaiao la 
Hm ipol tool om oftao Ho aoo<i f ^ oaaoolivo 
«ito«llaa i f t HQWiaio^  iMi tool la oi%Io oi4 MtaM.o fear 
28 
mm imim fma* 
itiKSdfiig %lii m^^imXm «f tMm mlmm i t 
ktm wapMeA tiMit emtio SMtn nitli 
oMAtf t0 m^^^t?^* fmsHtUaey 
tmim «nljr a HI41101P «i9M so 
toaftd Agaift attain ^ ^mmm^ 
of tertlassr ouaiiie to giTe 
Ijkttw ifltib i s Wm m^rnxmiL 
m jp-osfttastM M tliA Mli^ iM f# 
29 
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m ^mm mmmM mm^ mi 
immmm».mm 
SAltVISXf QaSkmm 
Btiijri aXfito^ SA t^tt&mHi* m 
HetlajrJL alooliisiJL IE 
HE m^miXi^m w 
MR 
LJ 
BensaioidA M BftiiaaXdtl^ dtt f 
SaXioylaaid® !»¥ 
i'Bxijmear and aoooAdttegrj 1 ^oraldeHrde LY 
miiiMe MM lf& 
sa HE 
if^rnimMmmiXixM M& 
lilASlMWdLsEfca* Zi? 0ilmmm IfE 
niplnii>jri. iftiiliiii u m 
M& 
l a 
HE wmmm U 
l a t 
SoX«yt4lii« m 
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QoSAme Oxganlo* OtAmif 
B t ^ i Ha 
sitbyl Xomat« I E 
Ottoto^ oi l 





IMliMi iiiltaXtlA t 
U m f 
f 
f 
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HE m 
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C H A P T E R - I I I 
A NEW METHOD FOR THE SELECTIVE 
SPECTROPHOTOMETRIC DETERMINATION 
OF 2,6-1 UTIDINE AND IT'S POSSIBLE 
USE FOR THE SPECIFIC ANALYSIS OF 
A PHYSIOLOGICALLY IMPORTANT POLLUTANT 
Im * CHMnO. l» tmi tlM 
tclA^llMi^ of ojeptfUwt p^iilflflits ooaliaiiilii^ » tos t im^ 
aitvogen utoift* I t in lnownrtv Amixe^ to a i^ioli 
i s amir* •tltotlir* god fos tii««» 4 
oC i»nreftl« th&t p-miawtjrXftoiii&liiiisalA®'* 
i ^ f * « l i a » » o l « 7 l a t i e ooXmiam i n aeidici laedltta 
ulth mm 9X tibi* drgitfiiios dontalnljig nltmeim 
atoift or a terlieueijr a i t r o g i m 8)* Mmr&Vp 
%b& ooXeuxre firodoood axe m a t a ^ e liadl not Tozqr 
dlagoostlQ* naA &mtmM.m tQ etmoy 
thii oalour of (p*i>AO) 
m t h aitroijienou® ooaii^otmdB^^, 
4 eunrej of tue 3.it«»«litr« ehairaA bae h—n 
uood foj? aot^otion of wmt?^ la flui<l«, as a apv^ 
reag^t fov tine ladoXe doiriTativoo^^ im i^ s^ oi? ^dmtmtitgmm^ 
pskma^ mA aoomdaas^r aalaes^^^^ hm h^m oogiOBtod 
tlM of 
ttisAd ylMUWMwttlOttl pmpvjerntjLm^ ^^^ anA oom 
•f l t « fos tiM Me^oi&ft t te Of •OMi 
pBiMtisf mmmMim Im ttoto «• Itavo 
aililAe fo« t l i i mijrtt&s of 
41 





h} Siiltim^iyQM & 
n) mMmnfM^rniA 




i ^ a c M 
a) 


























IdHov i^ ssanise tC^ 
JM to 
ilmmmmeotf 





m m slvAr of tlM ecaoor maolion 
im m i s tlMi^ov* l^avAO** 
oxsgMUlA f«lU.iat«Atft ^mtmXsJtiAg a nLtm&m 
flWdliiA* t\M 9QVixm of s««<3jr« i t f oiiii4 
of tliis QliUM a girem vltH i^daC ia a^ldie 
m^hm* fhemtore^ & simple laetbod i s d@fio»i%ed ^ l o n iMeh 
may permit the ttpesxLtio timra&^axiemttm of t ine oo^oimd 
in mtev mmpleBm 
MMmmm 
ainigalB aii^ tiliftylnaift 
f ^ atiiaiiolit eoXutioii «f (JLoohll^tf 
mgUmA^t •llMftol.id oiaiitiaii of 
aaiMilJi»liy4» Cms* ^isimA)* m aqa«oa« WSX* AX 
elieeleels wmm ma^tmt itaA** fim na* aeediii* 
t i iXt i t« m c t t f i t MJUlMs pointy i ^ o h iraa ia 
wiMk "ftAfum^ 
^Ml (maSL MWf tM) latiftiiQ^ aad l»08ili SiMietsooJU 
ttO (9SA) ^ iMNiviaiiaa atadiaa. 
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fo m « tooo fm 8«i«44iudift« t m i m ^ p ^ i m ^ 
(foiiAa) •o l t i t l ^ V ^ of 
SK ECSL* Lftt 8%mid for mlAikt«« tULX oolour 
the voltiiae to 10 lad with ottmrxol 
ani Bieaeare tii« absox^anoe tlie xeBttltla^ gvoea solution 
at mm tm^m&tnxe at 1&30 tm against a ^mk prepared 
Idimtioall^* ooXour i s 8tal>X© for M lioaro* 
mkmif MmMrnWuks 
{t^ BaJH} i s a versatile 
too 
jf&Qm t^ f<R? t]3» a&oljreis of eomtaljiiii^ oot9|>o«m(i»* • 
mmmxf tlio ooloors psoduo^d oft«» imstai»l« and not tox j^r 
dia@B08ti0« Qmaiil eeid iaM»« tUmforoy propoaod tho of 
pwi^ i^ ; iastoad of foir t ^ %««ti;eplbOtoaietrio anal/aia oC 
pviMacy and aaooiidai^ axroauatio MjOnoa^^* ftmvt^i p^ DAQ 
mk^ m v ifttanaaljr oolottxaltiMA p^MB^ ttm mtmatm^SL 
faoto»i glvo I t tHa povailiiXitjr ii Moli lOBfor •imJNMtiMi 
otiaiA tlMsafoira a giroateir batlxof^axonio aiiift* flia 
latmttHltjr and tfbaspiiMa of t i n aoloinra a»« al.«e «iUuA««d* A 
twe^hm AAvaatatf* atoaa fasoo tita faot tiMt tiM ooXoase pi^ odttoad 
vitli r^AO tm atalO** o m s h i at a3L« satatitljr A«ftl«pad a 
walliod meiiMC p^iM m mmrmt tor tlw aaiajraia of «»aos«iiioI 
45 
oM It** %imm Xt^^^xim m turn hmm 
tmikim tmmoB^M li^sav^d ttm tmt^miM 
its. 
psrimxar •••ondai^ attiuen j^ BA^ 
sad y^MO oolojeliBetriotaiy* glaros a ynXXem oolour 
vl&ioii i s wifitmblG and o l o ^ ohcuai^ e to yet an unetal^ Xe 
ooloiir* |>*MCI m, th» otiittr hand glTea a atajbX® purple ooXoos* 
i3.1|»liatio and tart iaz^ asottatle aiaia#a not give ao^ 
oc^oor bjr tineas 
Xtt tlka mvusm of our atadlaa ve t^mA that S^iM^atidiao 
araYa a oalotxr idtli p**S)AC an lo otli^s 
tertiaxsr asoi3£;tlo aratoe^ p^ridlA® daxlvati'va* or ^teroQ^olio 
Iltrogen eo^atmd gasra the oolatzr* I t naa thai^efoxra ocmai^ 
ifO«thiMXe to uaa ^ i a x^aetion f o^ tlia saXaotive 
datamlAatioa of a^e^^tttidina. 
fHa avganlo aoapoYinda did not a mime 
ultli Ite a«id aadia, 
i i i i i f i t l f i l 
JiAiftJMf *seaeiAe»eWe ohlojrefasm and oaaelraii tatae»» 
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litnaoiot tenalo^ p»t>piml9f maXl^^ milphvato^ 
mm 
HftiltxoplieaoXy llr^lirophMiiol, piorlo MM 
aoid ana ph^ aaoX* 
^bs'X, arP^op^I^ jor^ittyl, ieotoutyXp 
JBlAftA 
and lirttxoMitio 
uaAtff sftMHiitt ooBditiMMB* 8lao« mmr^Mi^ 
«!• m% mmtSUm pmm&t %b» 
mm wm€ tme wgiwmu of z^&^timjM m 
47 
f M d mmsHm of aiv^ mn Slui jpvepotoa m»th&A 
9m 10 « too iptt iA ifttt«ar i«B#X«« m^ 
thA i s gUrin in 1* %hm 
xeaotiqii ae^ina i s mm^^v^ovm in natixrey tMs slioiad 
m% poee n sftsiotiiA dlfflouX^^ as w aAdlng I 14 of 
ftgaeotts eold tiM pxoi^tod aaount deteotabXe viXX 
ooikeentrateA In tbe mimimm of Binm m are 
ad^ltiE a stsoai; aol4« t e s t oaa perhaps umi tor 
anaJ^sls of in 1>af»iO| aoi^io aad aallue 
b^oaocm tim aold n U l aoatral iee my l>aee and 
a io saXta bairn no offoet m th» Ijatenelty cti oaXotsr pro^ 
t!uoeti» the mthofi t^m et*oo®e£?ful.lj difjtiRi^ieh 
i^tldli&e tmm primxy a^id aaocmdary as!0®atio and Indole 
ae thoy do sot have ovoKl^ping aJaooieptloaa at tho i r x ^ a x ^ ^ 
th lo fao t 9m be atlXlaod f o r thoiv fllioaltaaeouo deteminatloa* 
aaaajrti03Jl detaUe dlaoooaod^ tho i ^ o l t a r i s t i o aapoo^e 
now folloin 
§imm t^i^i^jUiiio lias oa« j^votooatija^ ei to mA j^ UA^ 
tWii tmA ftlaoa tikt aatdlMn ia aoidio, tlio f l i ^ fo ia t l e to 
mOirii mm aottiaUy jpirotoaatod* ITf^'Vlalble 
SMtA to ^ loolttiqiaft of tOx t^m for tlio 
pujppooo* Kitli vofoioiioo to ti|{» 8 i t oaa lio 00^ tiMbt 
l^tiAino la ^ alMMuito o€ toiA glvoo a oisi«!Lo bxoad manliia 
«t <la MW 3m mM mUtk m iroiQr «axiaa at Oa IfO tua 
la olMi»xvod m ttM i^ ooslNHiioo sliowi a iliasp domaoo bo^ond 
t m * vugroloBirtii* tlM 19 BH •ikirt •ovtaUO^ ainO.* 
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FIG. 2 ( a ) 500 ppm 2,6 - LUTIDINE 
(b) SOOppm 2,6-LUTIDINE •ImlHCl 
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4 8 0 
FIG. 3 ( a ) SOppm p ~ D A C ( b ) 5 0 p p n i p - D A C + l m l H C l 
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(/I ca < 
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\ 
FIG. 4 ( a ) 2 m l 2 , 6 - L U T I D I N E + 2 m l p - DAC+lml H C l 
(b ) 1 0 0 0 ppm 2 , 6 - L U T I D I N E + 1 0 0 0 ppm p--DAC 
+ 1 ml H C l 
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ti0§ pVOlMMfttlOA* 
md tliift ftitliid flw ftpeotsft of Ia the idtmm^ 
of aol4 5} i ^ v s aiftgitta at Oa and 
Mtev tluB aMlt4oa aoid t ^ 290 lusi pmak 
ehiftg to 270 urn i&ia^ tii« 390 poak no oboerveMQ aldU't 
and tim reaol te omsA&tmt with th@ protooatioa of 
nyl oasr^ en 
protoiiatioii a l tea aetalHisbod the meoliaciiam in 
ijiimm 2 He i^ropoaed* fli® aeotiMiiam 1& atralg^tfcirmira upto 
©truoture atruotur® ( t ) thwm la s t e r l e ©train bet-' 
m&n thm E tint Oii^ &sQVkpB M ocmflt^watioiu 
A chm^ to til® te r t i a ry oaiiboaatlott v ia a liydriSe sMXt 
b&nxs^ a li^bridloiid QonfigiuratiKm m of 
otrai&« Saob are omma. la Oarbon 
alMMMHiy in aoii aadia^^* tt^miau vUX IMI im^ 
mi ^oaitiir* «ha»«t« axlat Ja tiie iriiKLiiltjr af 
m ^ alia vaamnffwi i t taitaa to giva tbo 
aasa KtaKla MAt Ct|« Xii (t) tiM iioa&titra otiaw 
m MiMmtm m i i ^ M aiaowaoftatt i t a» to 
ia «cM»«i«i«at vitli tiMr &mm oolottr pa?o« 
Mad* 
Sittoa tiia f^rotaa ia ia a ooa^Xex m» miy a 
jpo«ttaat«4 mabaaiaa la soIimm 2 ia ^y^ast fxom awplaln^ 
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$mtt tim tiii^ ^ ^ wmmBt^vUXf ttM^td&B 
giT«e a positiT* vMle <io«« 
net* III t&t ipsou^  io tm mmmA tmm tim 
a iktoa in a ma^&mvm (!) m& hmm tlii 8t«»io 
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C H A P T E R - [ V 
PAPER CHROMATOGRAPHIC BEHAVIOUR 
OF SOME TERTIARY AMINE POLLUTANTS 
AND AN ATTEMPT AT STRUCTURE -
ACTIVITY-CORRELATION 
ttOfttidisiixk^ ^Ktlasf nltSfiNS^ n^. Iji 4i0«0ri1i«&* x 
(ffomml tm tiiB in 
wt^m md m wtlio^ f«r mm dttemlaation^^ 
of m mmtom ms «atu»i Havt 
al^ sa ^nm&mA* In o r ^ r to fxevimt, to tlie 
oa^ed l^ i' poXImtgKiitti It ia^ ^emtom 
n^mamxsf to mpm&im tiiene fo^y^tsxita tmm tlit ei^ii^ommt* 
Xs tteir onsmiBa^aiciitjr* ^ti^ii tii« is mpl»t0 
idth amO^ioaXy anS olieoiioal dAta <m poX^^ 
tss 
o^Qllm osomttQ i^my p l i t t l e 
hm tm tlm pciiuta^t® oontaittiuts 
m& an im m m mm 9mm them hm h^mi B«iia.igi'l»X« 
fttt«^ta mt for ttiie oOa^s ^ 
p&lXvk%mtB in tmiam typm &t mAvm tm^ 
hm utth tb« aid ^ mi^rtieiti p&mm^x 
^^mm^ m att^iipt htm ^m mA» 
mmlmti^m 
i^mtml^m of eteiaatogsrn^l^ !#•«« 
ttnA M^La Xg»$m ^ i t c ^ m tli# m^HArn to t# tlMi 4t«ir«ior* 
iM* «r Mtue* pewisfta eM AOfHiflti^atAd ttflMUiW*^ 
m o m^tMy vdtm! md,^ n&wHm^ m ttojr 0m 
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wM miM^vmm eii^pAftr fa f^tOtJUiiis 
yvlos f w p t ^ mpmm^im hy hi^ MMivftifln 
m& ta miMltmm mmaf^ltmnf^^^ Bt^ie «li»o«» 
maM9&Bm»i3§ in » 4m itii Mbms^iit 
siapxioitjr and aeeeoajtition tlifi^i oolwu ohroiaati^* 
mpaxMma d i f f io ta t in om ^axxim^ 
on pfl^^s 13^ itm vitli a furtive c fu^AHta^e ei^ em 
fmm faot pm^m t ^ ^ i ^ n t t t «ft«si omi» 
pom&& vdth Id^ntloal dieadiraa* 
of pm^^ ohxmmimwmigky ai?« liix^pro^uoibXe ^per®, o i tm 
tbt dlaadvmta^e em m% appXloable to tii« durrelopiaiant of 
i^r© m ^ broad tread© of 
various MiaDers of a fasaiXy are oaoaider^d* Mlwth&Tm^® tba 
«xt9«a» Aiaiplieit^ leid i t m ideal 
teolmiqtte Koutiae malyeis wmntls^l^ ta tiiii^d norXd 
ooimtxiee* 
'&M tad ne^asiit im of tevtiaxy nitrogen 
•wtalAlaig peilhl«SeiS» pt^^tw tifsoBQmto&m^ m a t t ^ t 
ttt a eS»tis*iiamelSilS1r Aoml&titm •ttttiaa3?i«ed b^ov* 
I f iWHHSl l i 
Mpfiire w a r n «t]Mn»Uo aaHitiMUi «C tli* 
IMMlMet i t IQ H M MHI to i^ mqpAXt m 
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m^^ienni pB9pa3Be s a tmleA mmpme eXm m^amm 
mJltttioii of 9«fpmB ioMd* la ftoetoiiltscil** iOI 
mA mam^^ wn^ ^ AHAI^AE gjeoiBm olitiiSaed fsom 
Bim (Bniplfloa) t»A (IISA) tNEViAtia 
v/vf Qajuir^tit * bM 100^ i ^ i r j , 
adjiffKEXtd BA&f iSsAlm^moih^tp weat O^sjais^* 
,l»nfigill1lg 
20 3c § os^ IsXase U0©d to dcsvoiop 
tlio paper 14 x 3 em ©trlp^* IIV«»X@ai» wae used for irradlatla^ 
tlvGt tii@ 
HM t««lmifiit nm ^ sliftdiM* 
Bmi iftfittA ham ^ gUm 
$iam tmA Itt %}m «f incleva mA o r i ^ o 
tiM tfivlf l a tlM •ulutiCBi ^ or 
III t ^ m&hiMimti QC ooppev iadld* todlaa 
boiaftt« ITolloiifid hy imm&l&tim idtli 
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tim \tahtcrtom! of %im toXlQuim 12 
peiitl<ii4e« (f) m^ toxiamtB (S) Immi hem st^ udi^ d* 
t • ^^^Ajaitacol (>*iyBdno*l « 
4« ^^OaJJUda aarphalJUie)» 
f» pyjeidiii©), 
W ^ ^ h 
to . 
I t* ^^^^SaoUiie and 
flM» soaefent •gratoas m»ed 
9« t ^ liK WlA 0«f iMSOlt 
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i * iji 
m sm^^ 
i f « a j t fb iK^l ,* 
19* 
14* 
I f * and 
f i« But^ aa.doliol# 
fto <ilt£«»a»ito|sri^ lil8 of ttieoe ia 
In f liiostt § by ^ lo t t l ag irtsO^ otdfl o ^ i n s t tlm 
mims^B On th@ Im&is of thi^ iriilu©©, o@ir@raI 
Imw hmm aohiaved n&kUdi mmmxtim^^ In 
mmmm 
if^^^iM&tim #f ^^^ ^ wapemt^im 
of tto^liiiiilag a •Eto® gem^ w^xm 
noAjriMliA oioM a la tli« 
oar m m m t m m i ^ * ^ ^ ' ^ mA Him •mtO^iAA m r n m m 
M$$m(fm\m Ito mA httamm htm vM 
miVL i^m. of oo;i^o« ioMio lai Mtotoiittllop tmMwBAM 
•ttMAdtt of oodimi ooxflioasto im «tio» foUowid lif m »i4iatiott 
fov tili 4ito«l4on oc li«»4ii!oor«a.io aH^^ogm I t fXuo* 
86 
I l„l I J. I I I L i l i t ! t .i 1 I I I i t i..) I I I I 1 I I > > I I t t t i .1 L.i..J .± I. 1 . t - i - J 
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S O L V E N T 
F IG 5 
A6BREVIATIONS-trCHCl3,2=CCl^ ,3=CgHg,,A-C^H5Cl,5 = (CH3)3COH 
6 : DISTU-1 E D WAT f R 7 : H C l , 8 : H N 0 3 9 = N aO H , 10 = N a C 1, 11 = N a H ^P 
l2tKHS0 l^3:Na2C03,l4=NaN03 l5:NaN0 2 16 = PbtN03)2 
A M I : AM ITROL , A Z O : A Z O B E N Z E N E . B AV = B AV I ST I N , C A L : C A L I X I N , 
: ^ , 4 - L U T I O t N E , 2 , 6 - t :: 2 . fe-LUKOlNE, N E M : N - E T H Y LMO R P H OLI NE 
A - P - I ' i - P I C O L I N E , y - p : < r - P i C O L l N E , P > R r P V R l O l N E . Q U I - Q U I N O L l N E 
TMA: trimethYlamine 
• = Rf o zRf Of J Aiii^Q COMPo 
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mmmmt^^ mimt t w Mwf^m to ^ ma^mmMm^it 
im ^ 9«aJMiliiKl» wtifimt vtiMir «»• tiugr livi^if 
tmA tlwummmiim Bi* olaeoatflomi^iiio 
datft sliraxi ift J i f l m } tiuei^l an ^ ^ wl«t«p 
Mm^im tieoojatts Wqw 
27 acpaaeiiltaui #«& b® a^iiii'voa la aoidio 
Oan ai^y^^d Ia us^mo^ s o l u t l ^ of Ia0l£« flMlfi 
a®poot in dinouee^d 
Figure 3 i ad lo^ t^ that aebUULty of ox^miIoo 
imdor Qxoopt sm^^txmne^ oalixlii m^ lo 'W&is^ 
la orgiiilo the m^lXit^ of '^eoo ooQpatmdfi i s 
hi^ I& aeidlo mafoars^ mAixm in. mtmtn md low In 
alKidtufi voters* fhe xoooits md 9 g^fo thB iseXmtmt 
iaTomildoa MnrorcO. hixm^ mp&mti^mm 
Xin* aojKt t!m mxm is^rtii&t mgmt of m o 
iposk M to a^tom^ A f M s 
1NMI itto tft f i t t « l l f} tibil tTirnm^XtmAMf 
^pMim mA MAm i»w»mmm ttd^timmg 
^rn^msum mA ^m^kmnim tm ^mm i^oAtioia otoiaoto-
«i»tteogi.l» Mitfrlonv of ioiiittwiAo to In mmi& w 
2JUMA «R tlM lBPO«yftiy «» tlw f t f l o M i of 
/ 
lioiMtt «|o«» ^lai li|Nliift«t» iMaAlag mmmw 
Ko flMf fk xolo la tlw MiflrlMr of m o 
62 
taMBm fme ititawm 9) m^iXlty of wk^msiis $m 
mm^tiMJ^ 9 m In MUlwiirtswtnai m mak tsa i^m&m htM 
Affi&dr aoJarwiKla (BQQI^ t %% #113.9 11> 
iMi m v«Xa« for anul A vosjr l i i ^ 
•alti# nfteir n l^ l i le moh Xami 
tsXm and I m W n s ^ ^^ pS m&lA is 
timm sosulta mimmome ultli tlm 
band 0(mmpt» I t i s imCI ieaomi tfaat ist^dro^n^ndl^i^ 
a oruoiiO. asole in hiaiking QmnQi^ m^m to xmoXeia mM 
msHom® ^ 
fhem mm lioii©v®r m mrmlwi^lm h^tmm aofelilty in 
di©tme4 I^t/^^o * % m^ L i ^ valuce and tti^ ©estlmr 
la gisP«iiEi ia "ralmeii so^ a ot 
ItA tojaolty '^ and Misie^ ast 
f ^ x M t S ^ m Itfi^ liaftM on oral 
odt ii8i« fIM ti.gmm giMm $m maSiei? of wUliggjaw 
of tlM e«Mapoiiiii» foa? Icilo^vafii «if iniliiiel ^ i i ^ f to 
«e»t«lltjr In of fHiia l o i f ^ "Hit 
s^tmMaA pmblam Hi %iio inijm* fli« 
^ ftUx'QtMi a^m p9if mol^mOM «f tlui mOm pailMmM 
mm tttJmn m a mvtgti ^UvrntvaetO. amumxe tmd »• 
flMtl m UNI of IiD^q ir»« a (f 7) ind 
A m a r liiMNiff rnmmiAtim S«xl A IIMI mmuih^ 
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5 X 1 0 ^ 2 5 X 1 0 1 5 X 1 0 
LDSO 
FIG. 6 S C A T T E R DIAGRAM OF AN ATTEMPTED 
C O R R E L A T I O N B E T W E E N f H^O 
AND L D 5 0 
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0 2 h 
FIG, 8 C O R R E L A T I O N FOR p H 2 0 A N D n 
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Sii»|e4 #C ^ ^ * pmeaSMdM mHoMim 
flMia^^ittiui mqgmMim f mm i f i i p^ i 8)« 
fli«e« i s that taanar laiitsiiftts a ]^ aafa3»oXiii 
x«lati(m 1« mot seflaad a lia^ai? afor ©xai^la 
liaeaxr^^ of tli* 
tranofa:? hm& ( hi/^ ^ ) and 
loniiaatifm fotmtl t i l ^ tim ^m^ il^ ofrnvatm 
Qomsideratioat mei^ ^temntm A ebamoterlo^ 
tSxi co»i<» to i a tli« l l aoa r m maj, m the poxmolXa 
sviXatlmsitif l a tliat hsefim atom p^x 
mXmAe ^m v&nmm olo^aljr mc. ^m^ lanont 
Umtiatkk^ ar tlM» ot%m mt^m iMdl-
jfinattai 9£ tiia ttaii of cPg^ Q 
iraiUiift f«ar ft « f i f • • mB^mm^ to tlM aneOl 
MNiAta* «t iftOMm apOA ftir ft • f iRftspaaalag tm 
|M|i4 iMt aMMriiaat IMMMI ^MI IMMIiai aaiaoi^nioa 
yP 
me lMiu«f tlMl tl^ pm^t^iUm mtSmUmm mm mmm 
m m IMmm iiift.atli««uilML#»* A iimO. ffag^f oi?t 
im t in faanriMia M a H i M ^ ImSine MImht #ommi iwm ^ faot 
t M i fmHioa.litt Ixupiuna f0» f> 4a ^ «Mia|»0aiA iC 
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laii aesie* m tvmA ant }mm iMm 
toadaltir ulix b^ flNi » aoxilteiMioa i ts 
p^a j^o l io aatnse «Bia ImMio alioitia dUsrviata dcniBiaiBjsflia^ t2M»tt 
^ ^ t i s ^ 9 aft aoapased to ti^mm 1 
awaala tim^ tli^ davlat&em ia mali no}r« pstmouno^a Ia tha 
pacoM^ie selatiaii 8} tluw the XInetis o&e (figure 
tli£>it«3lb. tNt haire f fOlod ia tlie ftirBt 
Ixifftsim to ooasvelate atruotuffia with aotivitjf a ireigr 
iis|K)rtimt aoaaluaifiii a^s^oa^ a ia mlattHl to LDi^  Taluon 
a Xlaeas r«Xatioiic^»i|> m^ to ^ Y^ttoa hy porimpe a battar 
t p 
paaealKiXio x^^Xatioaiftiip dftc^  fo r a w l the "B^^ "ToXao© ai?a 
ocmritaut # it; oceiae a oi" 
scii^oiiaibXe jTor th« obrosiataorai^io m m 
tl»e toaeia o£ thmm ooapomde md tbie oomam mo4e 
mtmt aaxilaiaX/ ^paasa to ba tn^ t^eo^an h&tmm nXtso^Bn 
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Abstract A simple inexpensive spot test for the detection of organic pollutants in water has been 
developed Citric acid impregnated paper m the presence of acetic anhydride has been used as the 
reagent The limit of identification for pesticides amitrol azobenzene bavistm and calixm is 0 04 40 2 
and 3 2 //g respectively and for toxicants 2,4-lutidine 2 6-lutidine nicotinic acid /i-picoline and quino-
line is 4 100 0 04 0 4 and 100 /jg respectively The test has been successfully applied in acidic basic and 
saline waters 
INTRODUCTION 
The environmental pollution in general and water 
pollution in particular is the burning problem of 
modern hfe Therefore, a number of books have been 
written (Camp, 197"?) and international symposia 
(Eckenfelder, 1964, Jaag, 1964, Pearson, 1964, Pra-
gue, 1969, Southgate, 1970) have been organized on 
the subject Various methods such as TLC, GLG, 
HPLC, colonmetry, e tc , have been used for detection 
(Cooper, 1979, Davies, 1979, Suzuki, 1978). determi-
nation (Crathrone, 1979, Fanelli, 1978) and degrada-
tion (Bowmer 1976, Freed 1979) studies of water pol-
lutants Most of the water pollutants are organic com-
pounds which are used as pesticides or are released as 
industrial wastes Some of them are organic com-
pounds containing a tertiary amine group 
A simple, inexpensive and specific spot test for the 
detection of tertiary amines by citric acid in acetic 
anhydride has been mentioned in Feigl's book (Feigl, 
1966) Recently this colour reaction has been used for 
the detection of pyridine derivatives (Lang), opium 
alkaloids (Rao, 1977) and alkaloids (Beltagy, 1976, 
Thomas, 1975) in drugs Water interferes in this test, 
therefore the reaction has not yet been used for the 
detection of pollutants m water 
An attempt has now been made to develop a new 
procedure in order to detect the water pollutants by 
this test For this purpose, citric acid-impregnated fil-
ter papers have been used as a detection medium The 
results of such a study are summarized in this paper 
EXPtRIMFNTAL 
Reaqenf^ 
Aqueous or ethanolic solutions of the test substances 
(1 ,) were prepared When it was not possible to prepare 
I solution a saturated solution was prepared 
Citric acid (2" ) solution in water Acetic anhydride All 
chemicals and reagents were of analytical reagent grade 
except bavistm [2-(methoxy-carbamoyl) benzimidazole 
50°/„w,w adjuvants add 100°„ w/w], and calixin (N-tride-
cyl-2 6-dimethyl morpholint 80", w w adjuvants 
20%w/w) BASF Aktiengesechaft West Germany What 
man No 1 filter papers 
Apparatus 
An aluminium heating block maintained at 165 + 2 C 
PROCEDLRt 
Preparation of impregnated papers 
Filter papers were impregnated with 2° aqueous sol-
ution of citric acid and were dried at room temperature 
(25 C) Similarly filter papers were also impregnated with 
other acids under study 
Detection oj various organic s with citnc acid impregnated 
filter papers 
Citric acid-impregnated filter paper (15 cm dia) was 
placed at the bottom of a 10 ml beaker and was placed on 
the heating block at 165 ± 2 C temperature m order to 
ehmmate all moisture A drop of the test solution was 
applied with the help of a micropipette at the centre of the 
filter paper and dried to remove the solvent completely 
Acetic anhydride (2-3 drops) was applied on the spot of the 
test solution and finally it was heated again for 2 mm The 
colour developed was subsequently noted The results 
obtained are given in Table 1 
Detection oj pollutants on filter paper impregnated with dij-
ferent acids 
The same procedure was applied with the filter papers 
impregnated with various carboxylic acids for tertiary 
amine pollutants The results obtained are given in Table 
2 
Detection of some pollutants in water on citric acid impreg-
nated filter papers 
In order to test pollutants in different waters, the test 
solution was prepared in acidic, basic or saline waters, and 
the above procedure was applied The results obtained are 
given in Table 4(a) and (b) 
Extraction of pollutants in chloroform 
A synthetic solution (20 ml) in acidic neutral or saline 
water was placed m a separating funnel Two ml aqueous 
1 M NaOH and 3 ml of chloroform were added to it After 
thoroughly shaking, the pollutant was detected in the 
chloroform layer by the procedure given above 
4 3 5 
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Table 1 Detection of various organics on citnc acid impregnated papers 
Organics Colour Organics Colour 
Alcohols Benzimidazole P 
Ethyl alcohol NA Brucme alkaloid P 
Methyl alcohol NR '••'N-tridecyl-Ze-
Propyl alcohol NR dimethyl-morpholine P 




Benzamide '^'2,6-Dimethylpyridme Y 
Salicylamide LV '^'Nicotinic acid P 
Amines '^'3-Methylpyridine P 
(Primary and secondary) 
NR 
Pyridine Y 
Aniline '"Quinoline Y 
Chloroaniline NR Trimethylamine P 
2,4-Dichloroanilme NR Hydrocarbons 
Diethanolamine LP Benzene NR 
Diphenylamine LY Cyclohexane NR 
a-Naphthylamine NR Nirriles 
2-Nitroaniline NR Acetonitrile P 
m-Phenyldiamine NR Organic acids 
«-Butylamme NR Acetic acid NR 
Toluidme NR Benzoic acid NR 
Ammo aitds 
NR 
Cinnamic acid NR 
Glutamme Hippunc acid LBR 
Amilides Maleic acid NR 
Acetanilides P Malonic acid NR 
Carhonyl compounds Oxalic acid NR 
Anisaldehyde LY Phthahc acid NR 
Benzaldehyde P Salicylic acid NR 
4-DimethyIamino Succinic acid NR 
benzaldehyde PK Tartaric NR 
Paraldehyde LV Trichloroacetic acid NR 
Acetone NR Anhydrides 
Benzophenone NR Phthahc anhydride P 
Carbohydrates Succinic anhydride NR 
Glucose NR Phenols 
Lactose DP Cathechol LY 
Maltose NR 2-Methyl resorcinol PK 
Starch NR Orcinol PK 
Sucrose LP Phenol P 
D(-l-) Xylose P Quinol NR 
Esters Resorcinol P 
Ethyl acetate NR Ureas and derivatives 
Ethyl formate NR Phenylthiourea NR 
Castor oil NR Urea LV 
Ethers Inorganic compounds 
Solvent ether NR Hydrochloric acid V 
Heterocyclics and (V V Dil) 
tertiary amines Magnesium carbonate LV 
Acricine P Magnesium chloride NR 
"•'3-Ammo-12 4- P Sodium carbonate LV 
triazole Sodium chloride NR 
Barbituiic acid P Sodium nitrate NR 
""'Diphenyldiazene P Sodium nitrite NR 
"•'N(2 chloroethyl- Sulphamic acid NR 
2-6-dinitro-n- (VVDi l ) 
tnfluoromethylanilme Sulphuric acid NR 
"''2-Methoxy-carbamoyle NR (V VDi l ) NR 
Abbreviations BR = brown D = dark, L = light, NR = no response, 
P = purple, PK - pink, V = violet, Y = yellow, (P) = pesticides, (T) = toxi-
cants 
RiSlJlTS AND DISCISSION 
Wheti tertiary dmines salts of tertiary amines, quat-
ernary ammonium salts salts of alkali metals and 
alkaline earth metals or salts of alkali and alkaline 
earth metals with organic acids are heated briefly with 
a solution of citric acid in acetic anhydride, a red, 
blue or violet colour develops Some other acids such 
as malonic or aconitic may be used in place of citric 
New sensitive and simple spot test for tertiary amine pollutants in water 
Table 2 Detection of some pollutants on filter paper impregnated with different carboxylic acids 
4 3 7 
Pollutants 
(400/ig) CA AA BA CCA HA MAA MEA OA PA SA SCA TA 
"•'Amitrol P NR NR NR NR NR NR NR NR NR NR LP 
"•'Azobenzene P NR NR NR NR NR NR NR NR NR NR NR 
""'Basahn NR NR NR NR NR NR NR NR NR NR NR NR 
""'Bavistin P NR NR NR NR NR NR NR NR NR NR NR 
"•'Cahxin P NR NR NR NR LY NR NR NR NR NR LP 
'f'2,4-Lutidme Y NR NR NR NR LY NR NR NR NR NR LP 
'"2,6-Lutidine Y NR NR NR NR NR NR NR NR NR NR NR 
"^')?-Picoline DP NR NR NR NR BR LBR NR NR NR NR P 
Pyridine Y NR NR NR NR NR NR NR NR NR NR NR 
'^'Qumolme Y NR NR NR NR NR NR NR NR NR NR LY 
Trimethylamme P NR NR NR NR NR NR NR NR NR NR NR 
AA = Acetic acid, BA = benzoic acid, CA = citric acid, CCA = cinnamic acid, HA = hippunc acid, 
MAA = malonic acid, MEA = maleic acid, OA = oxalic acid, PA = phthalic acid, SA = salicylic acid, 
SCA succinic acid, TA = tartaric acid Rest of the abbreviations are defined in Table 1 
acid It has been c lamed that the test is very selective 
and Its chemistry seems to be complicated (Feigl, 
1966) Recently the test has been applied for the detec-
tion as well as determination of pyridine and its de-
rivatives and other tertiary amines m opium and 
drugs (AuterhofT, 1975, Lang, Mariella, 1971. 
Thomas, 1975) Water interferes in this test as it con-
verts acetic anhydride into acetic acid Thus, the test 
cannot be used for detection in aqueous solutions 
Citric dcid gives a red colour with acetic anhydride 
when heated in an ordinary glass tube It may be due 
to the availabihty of a sodium salt from glass Citric 
acid also develops a red colour with acetic anhydride 
even when left standing in a polythene tube The use 
of filter papers as the detection medium is well docu-
mented (Feigl, 1966) in the area of spot test analysis 
because it raises sensitivity as well as selectivity of the 
test and provides a solid medium free from interac-
tions existing m liquid medium Therefore, in the test 
under study, citric acid impregnated paper has been 
used Use of paper makes the evaporation of moisture 
easy Hence, it becomes workable for the detection of 
water pollutants Some of the inorganic salts such as 
nitrites and nitrates that are formed from the degra-
dation of organic materials, do not give any colour on 
paper though they give brown colour in hquid detec-
tion It may be due to the expulsion of brown N O i 
from the hot large open surface of the filter paper 
which is not so quick in liquids (Table 1) 
Results recorded in Table 1 show that detection on 
impregnated papers is IMOO-fold more sensitive 
than that in the liquid state For example, the hmit of 
identification for pyridine and p-dimethylaminoben-
zaldehyde in liquid state is 2 and 4 fig while on im-
pregnated paper it is. 0 2 and 0 04^ig respectively 
The test is positive for some non-tertiary amine 
compounds such as phenols 2,4-dimethyl-resorcinol. 
orcinol, resorcinol, etc , and sugars lactose, xylose, 
etc Therefore it may also be used for their detection 
and determination 
From Table 2 it is clear that papers impregnated 
with citric acid malonic acid and tartaric aud give 
the positive response for the test Amongst 12 acids 
tried, citric acid-impregnated paper gives the most 
sensitive and bright colour Therefore, it has been 
used for the detection of water pollutants 
Table 4(a) and (b) show that the spot test can be 
used successfully for the tertiary amine pollutants in 
acidic, basic and saline waters Nitrites and nitrates 
which generally occur in polluted water, do not inter-
fere in the test Table 3 shows that the reaction is very 
Table 3 Lower limit of detection on citric acid impreg-
nated papers 
Organics 
Limit of identification 
/jgm] ' or 
Mgdrop ' mgl ' 
Acetanilide 4 0 X 10 ' 10 
Acetonitrile 4 0 X 10^ 10* 
"•'Amitrol of cytrol 
(3-amino-1,2,4-tnazole) 4 0 X 10 ^ 10 ' 
""'Azobenzene 
(diphenyl diazene) 4 0 X 10' 10^ 
Barbituric acid 4 0 X 10^ lO'' 
"•'Bavistin 
(2-methoxyl-carbamoyl-
benzimidazole) 2 50 
Benzaldehyde 4 10^ 
Brucine alkaloid 4 X 10 ' 10 
"•'Calixin 32 80 
Diethanolamine 2 X 10^ 5 X 10^ 
4-Dimethyl amino-
benzaldehyde 4 X 10 ^ 10 ' 
Indole 4 X 10' 10" 
<Ti2,4-lutidine 
(2,4-dimethylphyridine) 4 X 1 0 ^ 
m2,6-lutidine 
(2,6-dimethylpyndine) 10^ 25 X 1 0 ^ 
'^'Nicotinic acid 4 X 10 ^ 10 • 
Phthalic anhydride 4 X 1 0 ^ 
'^'^-picolme 
(3-methylpyridine) 4 X 10 ' 10 
Pyridine 2 X 10 ' 5 
'"Qumolme 1 0 ^ 25 X 1 0 ^ 
Trimethylamme 2 X 10 ' 5 
Xylose 4 10^ 
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Table 4(a) Detection of some pollutants in water on citric acid impregnated filter papers 
Acidic water Basic water 
Pollutants 
% cone 2 
HCA 






1 0 1 
"•'Amitrol 
1 (400/jg) P P p P P P D P DP P P 
0 1 (40/ig) P P p P P P P P P p 
""'Azobenzene 
1 (400/ig) P P p P P P P P P p 
0 1 (40//g) P P p P P P P P P p 
""'Bavistm 
1 (400 ,ig) V V V V V V DV V V V 
0 1 (40 /ig) V V V V V LV DV V V V 
""'Cahxin 
1 (400 Aig) DP DP DP p p P DP DV V V 
0 1 (40 ^g) D P DP P p p P P V V V 
i"2,4-Lutidine 1 (400^ig) DV V V Y Y Y DV DV DV DV 
0 1 (40/jg) V V V LBR LBR LBR DV DV DV V 
'^'2, 6-Lutidine 
1 {400 txg) DV V V LBR LBR LBR DV DV DV DV 
0 1 (40 Mg) V V V LBR LBR LBR DV DV DV V 
'T'^-Picoline 
1 (400/ig) V V V DV V V DV DV V V 
01 (40//g) V V V DV V V DV DV V V 
'"^'Qumolme 
1 (400 Mg) V V V Y Y Y DV DV V V 
0 1 (40/ig) V V V Y Y LY DV V V V 
Abbreviations are given m Table 4(b) 
Table 4(b) Detection of some pollutants in water on citric acid impregnated filter papers 
Saline water 
Pollutants SCL MCL SNI SNA 
% Cone 2 1 01 2 1 01 2 1 01 2 1 0 1 
""'Amitrol 
1 (400 ,/g) DV V V DP P P DP P P DP P P 
0 1 (40/jg) V V V P P P P P P P P P 
"•'Azobenzene 
1 (400/jg) P P p P P P P P P P P P 
0 1 (40,/g) P P p P P P P P P P P P 
"•'Bavistm 
1 (400//g) DP DP DP DP DP DP DP DP DP DP P P 
0 1 (40/(g) DP DP DP DP DP DP DP DP DP P P P 
"•'Cahxin 
1 (400/jg) V V V DV V V DV V V DV V V 
0 1 (40//g) V V V V V V V V V V V V 
'"2,4-Lutidine 
1 (400/jg) DV DV Y DP DP DP LBR Y Y LBR Y Y 
01 (40/jg) DV Y Y DP DP DP LBR Y Y Y Y Y 
'"2,6-Lutidine 
1 (400/ig) LBR LBR LBR DP DP DP LBR LBR LBR LBR LBR LBR 
0 1 (40/ig) LBR LBR LBR DP DP P LBR LBR LBR LBR LBR LBR 
"'/3-Picoline 
1 (400/ig) P P P DP DP DP DV V V V V V 
0 1 (40/ig) P P P DP DP LP V V V V V V 
''^'Quinoline 
1 (400/ig) DV DV DV DP DP DP LBR Y Y LBR Y Y 
01 (40/ig) DV V V DP P P Y Y Y Y Y Y 
HCA = hydrocholoric acid, A A = acetic acid, MC = magnesium carbonate, SC = sodium car-
bonate, SCL = sodium chloride, MCL = magnesium chloride, SNI = sodium nitrite, SNA = so-
dium nitrate Rest of the abbreviations are defined in Table 1 
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CH,COOH 










+ Wliorv amine 
sensitive for amitrol, nicotinic acid, ^-picoline as their 
limits of detection are in the range 0.1-10 mgl '. 
However the reaction is less sensitive for azobenzene, 
bavistin, calixin, 2,4-lutidine, 2,6-lutidine, quinoline as 
their limits of detection are in the range 
50-10,000 mgl Hence, it is obvious that the reac-
tion has adequate sensitivity for some organics con-
cerned for pollution control purposes. 
However, the strong influence of anions and cations 
on the actual colour produced coupled with the fact 
that phenols and some carbonyl compounds also pro-
duce colour in the test undoubtedly limits its useful-
ness in examination of polluted waters. In order to 
develop this reaction as a reliable indicator of the 
presence of t-amines, solvent extraction with chloro-
solvents (carbon tetrachloride, chloroform, chloroben-
zene) in basic medium (Streuli & Averell, 1969) was 
tried. Chloroform gave the best results. Organics such 
as anisaldehyde, bensaldehyde, paraldehyde, sugars, 
acetanilide, acetonitrile, amides, phthalic anhydride 
and inorganics such as hydrochloric acid, magnesium 
carbonate, magnesium chloride, sodium chloride, 
sodium carbonate, sodium hydroxide, sodium nitrate, 
sodium nitrite, sulphamic acid, sulphuric acid do not 
come into the chloroform layer while 4-dimethyl-
aminobenzaldehyde, azobenzene, /?-picolline, 2,4-
lutidine. 2.6-lutidine, quinoline, pyridine, trimethy-
lamine. indole, salicylamide, brucine alkaloid and 
calixin were extracted in chloroform layer and their 
limits of detection are: 4.5, 0.45, 4.5 x tO\ 4.5 x 10^ 
4.5 X 10^ 4.5 X 10^ 4.5 x lOl 4.5 x 10^, 4.5 x 10^ 
4.5 X 10^ and 0.45 fig respectively. 
These results show that the spot test developed 
coupled with solvent extraction can be used as a re-
liable indicator of the presence of pesticides such as 
calixin. azobenzene in water. The spot test can also be 
used for the selective detection of t-amines. The test is 
simple and suitable for use in the field. 
Regarding the mechanism of this colour reaction, it 
has been reported that acetic anhydride reacts with 
higher carboxylic acids to give their anhydrides 
(Finar, 1973). Tertiary amine only acts as a catalyst. 
Higher acid anhydride so formed reacts again with 
acetic anhydride in the presence of tertiary amine to 
give polyvinyl-keto-anhydride (Auterhoff, 1975). The 
latter along with tertiary amine is the coloured 
material. 
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